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Abstract

This research aims to develop a model for forecasting daily maximum rainfall caused by tropical cyclones over
Northeastern Thailand during August and September 2022 and 2023. In the past, the ARIMA or ARIMAX method to
forecast rainfall was used in research. It is a short-term rainfall prediction. In this research, the Grey Theory was applied
as it is an approach that manages limited and discrete data for long-term forecasting. The Grey Theory has never been used
to forecast rainfall that is affected by tropical cyclones in Northeastern Thailand. The Grey model GM(1,1) was analyzed
with the highest daily cumulative rainfall data during the August and September tropical cyclones of the yed622018

from the weather stations in Northeastern Thailand in 17 provinces. The results showed that in August 2022 and 2023,
only Nong Bua Lamphu province had a highest daily rainfall forecast of over 100 mm, while the other provinces had values
of less than 70 mm. For September 2022 and 2023, there were five provinces with the highest daily rainfall forecast of
over 100 mm. The average of mean absolute percentage error (MAPE) of the maximum rainfall forecast model in August
and September is approximately 20 percent; therefore, the model can be applied in real scenarios.
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1. Introduction

A tropical cyclone is a storm that causes strong winds and flash floods and may also cause damage to homes and
agricultural crops. Tropical cyclones that affect Thailand are mostly formed in the North Pacific Ocean (western part),
the South China Sea, and the Bay of Bengal. In addition, global warming, which occurs when the Earth is unable to
normally radiate the heat received from solar radiation back into space, contributesitona t ¢ change . Whe n
climate has changed, its average temperature is then higher, resulting in an increase in glacial melting at the poles and a
greater volume of water flowing into the rivers and seas that will affect life on Earth. Thailand usually experiences about
3-4 storms each year. They mainly affect Northeastern Thailand from August to September every year, with violent
storms and thunderstorms destroying and damaging houses and farms. Heavy rainfall can cause floods and landslides.
Therefore, it is necessary to be prepared in order to prevent or mitigate the likely damage that will occur, most of which
will occur in communities located in flood-prone areas.
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Based on the data report of the nexty@@r rainfall forecast in Northeastefimailand, rainfall intensity shows a
tendency to increase (Figure 1). It can be seen that Northeastern Thailand is prone to experiencing more severe flooding
as it is more likely to experience heavy rainfall in a short period of time, instead of havipgvdespread rainfall
throughout the rainy season like in the past. Thailand is typically affected by a tropical depression with an average of
3-4 storms per year. As for tropical cyclones in Thailand, they usually occur in the rainy season from Mgly thro
October. They could be tropical cyclones that are formed in the Indian Ocean, or the Pacific Ocean and the South China
Sea. However, almost all of them are tropical cyclones that occur in the Pacific Ocean or in the South China Sea. They
move through Nrtheastern Thailand from July to September every year. According to past data, it was found that
August and September each year are the periods when storms often occur, resulting in large accumulated rainfall.
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Figure 1. The Northeastern region of Thailand

There are many researchers who have studied rainfall forecasting using an ARIMA model, such as Geetha and Nasira
[1], Rahman et al. [2], Bhardwaj and Duhoon [3], Wu et al. [4], and Masum et al. [5]. Additionally, there arehersea
who have studied rainfall forecasting using an ARIMAX model with other variables related to rainfall to assist in
modeling such as Islam and Imteaz [6], Amelia et al. [7], and Musa et.al. [8]

In addition to the ARIMA and ARIMAX models, there is althe Grey forecasting model, a time series forecasting
method developed from the Grey System Theory which was invented by Julong Deng in 1982. The Grey model can be
applied to uncertain systems and small data for analysis. The model can handle disawldetd better by converting
it to sequential data using a differential equation. The Grey model has been developed and applied across many fields
such as medicine (Kuniya [9], Saxena [10], Chutiman et al. [11]), agriculture (Busababodhin and Chiafidj)yadit
environment and water allocation (Shi [13], Shao et al. [14], Shirisha [15]), ecology (Chen and Wang [16]), meteorology
(Salookolaei [17]), and engineering (Zhou et al. [18], Wang et al. [19], Wu et al. [20], Shaheen et al. [21], Liu and Wu
[22]).

Therefore, the researcher would like to present the Grey Theory to develop a model for forecasting daily maximum
rainfall affected by tropical cyclones in Northeastern Thailand during August and September so that relevant agencies
can use it as a guidelifier planning water management in the region efficiently
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2. Domain of Experiment and Methodology
2.1 Domain of Experiment

The experiment data in this research were selected from the highest cumulative daily rainfall during tropical cyclones
from the locameteorological stations which observe rainfall in each of 17 provinces in Northeastern Thailand, in August
and September. The period of tropical cyclones over Northeastern Thailand is shown in Table 1

Table 1. Tropical cyclonesover Northeastern Thailand in August and September

Year Storm Name The date of the storm in August The date of the storm in September
BEBINCA (1819 16-18
2018
MANGKHUT (1822 17-19
PODUL (1912 29-31
2019
KAJIKI (1914 3-5
SINLAKU (2003 2-4
2020
NOUL (2011) 18-20
OMAIS (2112 27-30
2021 CONSON(2113 12-14
DIANMU (2115 24-26

2.2 Methodology

The daily maximum rainfall data during tropical cyclones occurring in August and September from 2018 to 2021
are used for building a GM(1,1) model. The daily maximum rainfall in August for each station and in September for
each station will be analyzed fiarecast the daily maximum rainfall for August and September in 2022 and 2023

The steps for creating a GM(1,dodel are as follows

Step 1:Define a sequence for the original data
) w pho ¢hhw. ¢ (1)

Step 2:Calculate the original cumulative sum and set it as a new variable

© ©w pho ¢hhmo. & h ()
wherew Q@ B ® "QandQ pith ..

® Qisthe cumulative sum of the original data, or substituted Wi#GD (Accumulated Generating Operation
ofo Q).

Step 3:Compute the background value by using the sequence of middle values and derivatives of the. sequence

The differential equation of the model GMY) is
— B O ®)

The result of taking the derivative of the functian, 'Q ¢ 'Q @& whereaandb are the model parameters,
ais the developing coefficiemndb is the Grey input

Estimate both parameters with the Least Square Method

5

W 606 6 (4)
w@ S Py
whered® & ¢fo ohfw. ¢ andg ''@ O P2
1l e el
ua & pU

Fromthe above equation, the background value can be calculated as follows

a Qp -® Q ® Q p ,andQ plthiE. p (5)
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Step 4:Estimate the forecast value of the GM(1,1) model

Find the forecast value of the GM(1,1) model from

® Q p ® p -Q - (6)
The new equation can be adjusted

® Qp ® Q0 o Q0 p Q w p -Q ,andQ pkhf. p. )

2.3 Forecasting Performance

Mean absolute percentage error (MAPE) was used to measure the forecast accuracy
0600-B —— pnm (8)

wherew represents the actual value of the data at ¢ime represents the predicted value of the data at tiamen
represents the total amount of data.

The procedures for processing this research are shown in Rigure

Start

Y

Collection of the highest cumulative daily rainfall during a tropical cyclone of the weather stations in the
Northeastern region of Thailand, 17 provinces in August and September, during 2018-2021.

A

Build a GM(1,1) model for each station in August and September.

Calculate forecasting performance values using the MAPE value of each station.

l

No

If a MAPE < 50%, examine the MAPE value of each station.

Figure 2. The procedures of the research methodology

3. Results and Discussion

The results from the Grey model to forecast the highest cumulative daily rainfall in August and September 2022 and
2023 and the MAPE of the maximum rainfall forecast model are shown in Table 2. The forecast values of the highest
cumulative daily rainfall dr August 2022 and 2023 were used to create a contour graph using the GIS Kriging
interpolation in the Geographic Information System (GIS) as shown in Fig a4
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Table 2. The highest daily cumulative rainfall forecast for Augist and September 20222023

The highest daily cumulative The highest daily cumulative

Province rainfall forecast for August MAPE (%) rainfall forecast for September ~ MAPE (%)

2022 2023 for August 2022 2023 for September
Ubon Ratchathani 1523 9.76 7.39 197.32 21718 1991
Si Sa Ket 2932 2502 10.39 12131 11586 2366
Nakhon Ratchasima 1573 37.29 4955 18992 34917 1560
Surin 9.50 587 2291 46.56 3546 3271
Buriram 6.94 3.08 3080 80.35 8379 4236
Nong Khai 4204 4155 3876 9.58 481 1722
Loei 46.86 4279 1929 18968 47562 1316
Udon Thani 56.48 64.59 3259 1589 1525 1834
Sakon Nakhon 3010 2810 5.48 17.36 1260 0.45
Nakhon Phanom 16.96 1155 0.92 2209 1378 6.94
Nong Bua Lamphu 14279 19589 46.95 1229 8.67 1191
Khon Kaen 2801 2203 1395 7587 98.26 4219
Mukdahan 9.10 341 6.15 3848 3223 753
Maha Sarakham 270 0.64 2262 5816 6168 44.28
Kalasin 1.87 0.39 26.13 98.86 11247 1279
Chaiyaphum 1825 1301 2803 357.96 96172 3265
Roi Et 3.89 0.92 1957 5127 4759 1013
Average of MAPE 2244 Average of MAPE 20.70

1 1 1 L L 1 L 1
=T =

A The local mefeorologlcul station

"/ ‘ Ralnfall (Aug 2022) [+

\

17°STCN

42025

( B > 400
40-351 -400 e
-351 -380
341 360
-321-3304
st - 320
Emzs1-300 <
E2e1-280 0

17°5TON

17°60N

1TETN

Thung Sa_
Laeng Lus
NatoasiFad

ts anul ok

NS “Plietchabun

o

2 241 - 260 e

3 \y  FHETCHABUN e
; Taphan Hin [ 1221 -240
= 201 -220

1181 - 200 ***"
e 1161 - 180 7 4z pron
[1141 - 160
{121 - 140
AL ? \ 101 -120
~ YNakhon{Ratchasima A 2 1 - 100

LwBu 7

AWAN ‘l
khon Sawan

15°24C0N

1572408

Attapu

23
-
'
T
14°330N

Saa Bur (A ~

14°330N

1 Py
&:‘nn Bun 1
Phia Nakhon 4

S)A)unhan

5 Nabh;nNJ ok

‘0 20 "40““'-”"80 > 120 ot
;ma HERE, G b et P G GEBOD) USSR NS NROAN, GeEned GH Kadaase N, e Sun AL
/ ,' NG TRENG

o )OS oction srarinacns. i PSR ISRy
T T T
04450E 105" 360°E 106°270°E

1569



Civil Engineering Journal

17USTON

176 0N

16°15CN

15°24CN

14°330N

17'5TON

1TETN

16°15CTN

15°24CN

14°33C0N

100°300°E 101210 02120 03°30€ 103" S40°E 04 4sTE 105°360°E 106270

e

N-nd‘j

Reservoir

A The local mefeorologlccll station

= om
\“r’ Ramfall (Aug 2023)

7 w00

g;\-m, 400\ Sty
I 361 - 380
-34‘1":@60
32 - 340-|

301 - 320'&ly

-
[281-300 «
Yoo

[Tl2e1 - 280 \:f g
1241 -260 ’
[J221 - 240
[J201 - 220 #
1181 - 200 5"
#51161-180 &5 pron
1141 - 160
{0121 - 140
{101 -120

[ a1 - 100

WGt -850
a0 T

PhraNakhon 4 - : 5 : !

SiAyutthaya s v 2 £ -‘2\1 40

NthmNaso\ ] i \ Khang \
‘70 20 40rs g0 120, 160 T e T \-0 20 -
-'f_vq*_"—;:_mometéf%

e
o L i i i ol ) Op oS ctios srarinacr. i ARSI oy |

Nakhon|Phanom,. 7.,

3 e

SANULOK

hond Sa_s

tsanuick |,
-zz...::z

Attapu

f

“Eari, HERE, Garmin. Isorep, eetmen # G, GEBCO. USGST RNAPS. ARCAN. G zad 1GH. x,axsx_ OuiraeSins Exi boan
STUNG TRENG

T
14°330N

T I T T T T T T
100" 300°E 01290 02°120°E 03°30€ 03 S40E 104450 105360 106°270E

(b)
Figure 3. The highest cumulative daily rainfall modeled for August (a) 2022 (b) 2023
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Figure 4. The highestcumulative daily rainfall modeled for September (a) 2022 (b) 2023

4. Conclusion

According to the use of Grey theory to develop a model for forecasting daily maximum rainfall affected by tropical
cyclones in Northeastern Thailand during August and Septemt2§22 and 2023, using the daily maximum rainfall
data during tropical cyclones occurring in August and September from 2018 to 2021 for building a GM(1,1) model, the
results showed that in August 2022 and 2023, Nong Bua Lamphu has the highest dailyfoegatasét, followed by
Udon Thani, Loei, and Nong Khai, respectively. They are provinces in upper Northeastern Thailand. However, in
September 2022, it was found that Chaiyaphum had the highest daily rainfall forecast, followed by Ubon Ratchathani,
NakhonRatchasima, and Loei, respectively. In September 2023, the study found that Chaiyaphum still has the highest
daily rainfall forecast, followed by Loei, Nakhon Ratchasima, and Ubon Ratchathani, respectively. In addition, it was
found that the daily maximumainfall forecast in September is higher than in August, which is in accordance with the
historical statistics of tropical cyclones occurring in Northeastern Thailand, leading to higher daily rainfall in September
than in August. The percentage error orecasting the daily maximum rainfall in August and September is
approximately 20%. Therefore, this model can be used in forecasting rainfall and for relevant agencies to use as a
guideline for planning water management in Northeastern Thailand efficiéntfigture research, more than one
variable affecting rainfall during a tropical cyclone period, such as relative humidity, wind speed, wind direction, and
temperature, may be studied together with the Grey Theory for a more realistic model.

5. Declarations

5.1 Author Contributions

Conceptualization, N.C., P.G., B.K. and M.C.; methodology, M.C.; software, M.C.; validation, P.G. and B.K.; formal
analysis, M.C.; investigation, B.K. and M.C.; resources, C.C. and P.G.; data curation, C.C., P.G. and P.B-; writing
original draft preparation, N.C.; writingreview and editing, P.G.; visualization, P.B.; corresponding author, P.G.;
project administration, N.C.; funding acquisition, N.C. All authors have read and agreed to the published version of the
manuscript

5.2 Data Availability Statement

The data presented in this study are available on request from the corresponding author

1571



Civil Engineering Journal Vol. 8, No. 08 August 222

5.3 Funding

This research project was financially supported by Thailand Science Research and Innovation Fund (TSRI) 2022,
Mahasarakham Universignd Khon Kaen University

5.4. Acknowledgements

This research project was financially supported by Thailand Science Research and Innovation (TSRI) 2022,
Mahasarakham University and Khon Kaéniversity. The authors would like to thank the editor and the referees

5.5. Conflicts of Interest

The authors declare no conflict of interest.

6. References

[1] Geetha, A., & Nasira, G. M. (2016). Tirseries modelling and forecasting: modelling of rainfall préoih using ARIMA model.
International Journal of Society Systems Science, 8(4), 361. doi:10.1504/ijsss.2016.10002401.

[2] Rahman, M. A., Yunsheng, L., & Sultana, N. (2017). Analysis and prediction of rainfall trends over Bangladesh using Mann
Kendall, Spearma” s r ho tests and ARIMA model . Met 484rdoillh1Q07/sQOFOA At mo s
01604794.

[3] Bhardwaj, R., & Duhoon, V. (2020). Autegressive integrated moviayerages model for daily rainfall forecasting.
International Journal dcientific and Technology Research, 9(2), 7R%/ .

[4] Wu, X., Zhou, J., Yu, H., Liu, D., Xie, K., Chen, Y., Hu, J., Sun, H., & Xing, F. (2021). The development of a hybrid wavelet
arimalstm model for precipitation amounts and drought analysis. Atmosplt&fe, #0i:10.3390/ATMOS12010074.

[5] Masum, M. H., Islam, R., Hossen, M. A., & Akhie, A. A. (2022). Time Series Prediction of Rainfall and Temperature Trend using
ARIMA Model. Journal of Scientific Research, 14(1), 2287. doi:10.3329/jsr.v14i1.54973.

[6] Islam,F., & Imteaz, M. A. (2021). The effectiveness of ARIMAX model for prediction of summer rainfall in northwest Western
Australia. IOP Conference Series: Materials Science and Engineering, 1067(1), 012037. doi:10.1@3%%/1967/1/012037

[7] Amelia, R., Dalmunthe, D. Y., Kustiawan, E., & Sulistiana, I. (2021). ARIMAX model for rainfall forecasting in Pangkalpinang,
Indonesia. IOP Conference Series: Earth Bndronmental Science, 926(1), 012034. doi:10.1088/1/8%/926/1/012034

[8] Musa, S. A., Yahaya, B. UMusa, G. K., Ahmad, N. T., & Saidu, |. 021).ARIMA and ARIMAX analysis on the effect of
variability of rainfall, temperature, humidity on some selected crops in Nasarawa State. International Journal of Rdsearch an
Innovation in Applied Science (1JRS), 6(9), 19-27.

[9] Kuniya, T. (2020). Prediction of the epidemic peak of coronavirus disease in Japan, 2020. Journal of Clinical Medigiae, 9(3),
doi:10.3390/jcm9030789.

[10] SaxenaA. (2021). Grey forecasting models based on internal optimization for Novel Corona virus (dO)V IBpplied Soft
Computing, 111, 107735. doi:10.1016/j.as0c.2021.107735.

[11] Chutiman, N., Guayjarernpanishk, P., Kelegl, B., Busababodhin, P., & Chiangpradit, (2021). Epidemic peaks forecasting
on reemerging diseases in elderly people using the grey disaster model. Emerging Science Journal, -B&2, 974
doi:10.28991/esp021-01325.

[12] Busababodhin, P., & Chiangpradit, M. (2018pddling Of Thai Rice Exporin Southeast AsigAdvances and Applications in
Mathematical Science$y(12), 777788

[13] Shi, W. Y. (2014). Natural Gas Load Forecasting with Analysis of Environmental Resources Based on Gray Model. Advanced
Materials Research, 908, 4386. doi:10.4028/ww.scientific.net/AMR.908.433.

[14] Shao, L. L., Niu, W. J., Tang, F., & Lin, C. (2014). Prediction of low flow years in the upstream of Rhardased on
improved gray model. Advanced Materials Research, 10514439 doi:10.4028/www.scientific.net/AMR.1051.439.

[15] Shirisha, P., Reddy, K. V., & Pratap, D. (2019). REahe Flow Forecasting in a Watershed Using Rainfall Forecasting Model
and UpdatingModel. Water Resources Management, 33(14), 44820. doi:10.1007/s1126919-023982.

[16] Chen, Y., & Wang, J. (2020). Ecological security eavirning in central Yunnan Province, China, based on the gray model.
Ecological Indicators, 111. doi:10.1016/j.60dl.2019.106000.

[17] Salookolaei, D. D., Liu, S., & Babaei, P. Application of Grey Sysfeory in Rainfall EstimatiarControl andOptimization
in Applied Mathematic§COAM), 2(2), AutumnWinter (2017), 15831

[18] zhou, D., Xue, L., Song, Y., & Chen, J. (2010x-line remaining useful life prediction of lithiton batteries based on the
optimized gray model GM(1,1). Batteries, 3(3). doi:10.3390/batteries3030021.

1572



Civil Engineering Journal Vol. 8, No. 08 August 222

[19 Wang, Z. X., Li, Q., & Pei, L. L. (2018). A seasonal GM(1,1) model for forecasting the electaayimption of the primary
economic sectors. Energy, 154(C), 5224. doi:10.1016/j.energy.2018.04.155.

[20] Wu, L. Z,, Li, S. H., Huang, R. Q., & Xu, Q. (2020). A new grey prediction model and its application to predicting landslide
displacement. Applied Soft@nputing Journal, 95. doi:10.1016/j.as0c.2020.106543.

[21] Shaheen, A., Sheng, J., Arshad, S., Muhammad, H., & Salam, S. (2020). Forecasting the determinants of environmental
degradation: a gray modeling approach. Energy Sources, Part A: Recovery, UtilizatioEngironmental Effects.
doi:10.1080/15567036.2020.1827090.

[22] Liu, L., & Wu, L. (2021). Forecasting the renewable energy consumption of the European countries by an adjacent non
homogeneous grey model. Applied Mathematical Modelling, 89,-1981B. doi:10.016/j.apm.2020.08.080.

1573



